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1
SOFTWARE ROTATABLE DISPLAY

BACKGROUND

The subject matter of the present disclosure relates to an
industrial process transmitter, and in particular to an interface
that allows an operator to interact with the industrial process
transmuitter.

Industrial process transmitters are used 1n industrial pro-
cess facilities 1n a variety of settings. For example, industrial
process transmitters can include a sensor to sense pressure,
temperature, vibration, flow, or nearly any other parameter
associated with an industrial process, and/or can include an
actuator or other device that manages, controls, or otherwise
interacts with an industrial process. The industrial process
transmitter can communicate—wirelessly or using a hard-
wired connection—with a control room, other device, etc. to
help provide industrial process management.

In addition, many industrial process transmitters provide a
display (e.g., liquid crystal display (LCD)) and interface (col-
lectively, a local operator interface (LLOI)) that allows an
operator to interact locally with the industrial process trans-
mitter. The operator may view data or information associated
with the transmitter via the LCD screen and may interact or
communicate with the transmaitter via the LOI.

Due to the various mounting locations and configurations
in which an 1industrial process transmitter may be mounted,
the interface provided to an operator may not be oriented in
the proper direction for easy readout or interaction. Typically,
the orientation of the interface 1s modified by opening a cover
that protects the interface, unscrewing the iterface, and re-
orienting 1n the proper direction. However, industrial process
transmitters are often installed 1n hazardous and/or corrosive
environments. Removing the cover that protects the interface
exposes the interface and 1nterconnection pins that connect
the interface to the industrial process transmitter to this poten-
tially damaging environment.

In addition, conventional LLOIs associated with industrial
process transmitters are implemented with either mechanical
switches through transmitter housing, push buttons acces-
sible with the transmitter cover removed, or infrared (IR)
transceivers. Removing the covers of transmitters to access
push buttons 1s not 1deal since doing so requires a hot permit
if the transmitter 1s 1n operation. IR transceivers are very
current-intensive and are not a good method to use for two-
wire process control mstruments with very limited current
budgets. Additionally, magnetic switches are often used to
operate an LOI. However, LOI buttons will not be on or near
the LCD screen, thus requiring a user to continually look
away from the display while trying to operate the LOI.

SUMMARY

An 1ndustrial process transmitter includes a sensor/actua-
tor, display circuitry, local operator interface (LOI) circuitry,
and control circuitry. The transducer 1s positioned to interact
with the industrial process. The display circuit displays a
visual output to an operator, wherein the display circuitry
provides the visual output at one of a plurality of orientations.
The LOI circuitry has a plurality of touch-activated buttons
for recerving input from an operator, wherein functionality of
the plurality of touch-activated buttons 1s modified based on
the orientation of the visual output provided by the display
circuitry. The control circuitry 1s connected to communicate
with the sensor/actuator, the display circuitry and the LOI
circuitry. The control circuitry provides status/data recerved
from the transducer to the display circuitry for display to the
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user. The control circuitry also receives input from the opera-
tor via the LOI circuitry regarding the desired orientation of
the visual output. In response, the control circuitry provides

instructions to the display circuitry to modify the orientation
of the visual output and modifies the functionality of the LOI
circuitry based on the orientation of the visual output.

BRIEF DESCRIPTION OF THE SEVERAL
DRAWINGS

FIGS. 1A-1C are block diagrams illustrating industrial
process management systems including an industrial process
transmitter according to various embodiments of the present
invention.

FIGS. 2A-2E are front views of the industrial process
transmitter 1llustrating the display presented to an operator
during operation.

FIG. 3 1s an exploded perspective view of portions of the
industrial process transmuitter.

FIG. 4 15 a plan view of a portion of an industrial process
transmitter, showing an embodiment of a local operator inter-
face (LOI) subassembly.

FIG. § 1s a cross-sectional view of the LOI subassembly of
FIG. 4, taken along line 5-5 of FIG. 4.

DETAILED DESCRIPTION

Industrial process transmitters are often used 1n environ-
ments that expose the transmitters to corrosion, fire, explo-
sion, vibration, and other extreme conditions. For that reason,
industrial process transmitters are specially constructed so
that they can suitably withstand anticipated operating condi-
tions. For example, an industrial process transmitter that uti-
lizes a display (e.g., LCD) and touch circuitry for implement-
ing a local operator interface (LOI) 1s described in U.S. patent

application Ser. No. 12/807,801, titled “CAPACITIVE
TOUCH INTERFACE ASSEMBLY”, to Damel Ronald
Schwartz et al., filed on Sep. 14, 2010, and incorporated by
reference herein.

In particular, the present invention 1s an industrial process
transmitter that allows the orientation of the display to be
modified as necessary based on the mounting orientation of
the process transmitter. In addition to modifying the orienta-
tion of the display, the LOI interface (e.g., buttons, touch
sensors, etc.) that allow a user to interact with the process
transmitter 1s modified based on the orientation of the display.
For example, 1n one embodiment the LOI consists of a plu-
rality of buttons positioned around the periphery of the dis-
play. The functionality of the buttons depends on the orien-
tation of the display. For example, a first button may be
inactive during a {first orientation of the display, but may
provide a particular function (e.g., scrolling) in a second
orientation of the display. In this way, the present invention
acts to preserve the orientation of the touch-actuated buttons
with respect to the visual output.

Various combinations of displays and LOIs may be
employed in the present invention. In one embodiment of the
present invention, the industrial process transmitter can
include a housing, an interface subassembly, and a removable
cover having a transparent conductor positioned over the
local display subassembly. The display/LOI subassembly
includes display circuitry for providing a display of visual
information and LOI circuitry that includes a capacitive touch
circuit for providing touch actuated buttons at or near the
displayed visual information through the transparent conduc-
tor. The functionality of the touch-activated buttons are modi-
fied based on the orientation of the display provided by the
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display circuit. In one embodiment, the LCD 1s configured 1n
a chip-on-glass (COG) configuration with the capacitive
touch buttons positioned over the digital display, such that
capacitive touch actuation can correspond to a variety of
different inputs as a function of the particular visual informa-
tion provided by the display (and visible through the capaci-
tive touch circuit). In other embodiments, the capacitive touch
circuit provides one or more active areas (1.€., buttons) posi-
tioned generally outside of a display area of the digital dis-
play, such as at a periphery of the digital display.

In other embodiments, the LOI subassembly may include a
plurality of mechanically-actuated buttons located on the
periphery of the display area. Once again, the functionality of
the mechanically-activated buttons are modified based on the
orientation of the display provided by the display circuit. In
other embodiments, various forms of display and LOIs may
be employed in which the orientation of the display may be
modified and, 1n turn, the functionality of the buttons associ-
ated with the LOI 1s modified based on the onientation of the
display.

FIGS. 1A-1C are block diagrams illustrating industrial
process management systems according to various embodi-
ments of the present mvention.

FIG. 1A 1s a block diagram illustrating an industrial pro-
cess management system 20 according to an embodiment of
the present invention that includes an industrial process 22, an
industnal process transmitter 24, and a control room 26. The
industnal process transmitter 24 includes a transducer 28, and
a display/local operator interface (LOI) subassembly 30,
which includes LOI circuitry 32 and display circuitry 34.
Control circuitry 36 is also provided to communicate with
transducer 28, control room 26, and display/LOI subassem-
bly 30 (including LOI circuitry 32 and display circuitry 34).

The control room 26 can include displays, processors,
memory, asset management or control software (e.g., AMS
Suite and PlantWeb® software available from Emerson Pro-
cess Management, Chanhassen, Minn.), and other compo-
nents for managing and controlling the industrial process 22
and for collecting and analyzing data from the industrial
process transmitter 24.

The transducer 28 1s positioned to interact with the indus-
trial process 22. In various embodiments the transducer 28
can be configured to sense pressure, temperature, vibration,
flow, or nearly any other parameter associated with the indus-
trial process 22 and/or can include an actuator or other device
that manages, controls, or otherwise interacts with the indus-
trial process 22. The control circuitry 36 is electrically con-
nected to the transducer 28, and can be of any suitable con-
figuration for controlling operation of the transducer 28,
gathering data, processing data, etc. It should be noted that 1n
alternative embodiments the control circuitry 36 can be
implemented as a plurality of discrete circuitry subassem-
blies, and separate control circuitry (not shown) can be pro-
vided for the transducer 28.

The display/LLOI subassembly 30 includes LOI circuitry
32, which can be of any sutable configuration to enable
actuation by an operator, and display circuitry 34, which can
be configured as one or more liquid crystal displays (LCDs)
with optional backlighting functionality, or as any other type
of digital or analog display capable of producing a visual
output. In one embodiment, the LOI circuitry 32 1s touch
activated, wherein LOI circuitry 32 provides one or more
touch actuatable regions defined by electrically conductive
pads (or buttons) for selectively forming a capacitor with an
appendage (e.g., finger) ol an operator positioned near any of
those regions of the LOI circuitry 32. In that way, the LOI
circuitry 32 can provide capacitive touch actuation 1n a known
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manner. It will be appreciated that the conductive pads or
buttons defining the touch actuatable regions of the LOI cir-
cuitry 32 can have any suitable configuration, as desired for
particular applications. In one embodiment, the LOI circuitry
32 can have substantially transparent electrical conductors
(e.g., formed of indium-tin-oxide material) supported on
glass layers with at least a portion of the LOI circuitry 32
positioned over (i.e., on top of) the display circuitry 34, such
that the display circuitry 34 1s visible through the LOI cir-
cuitry 32. This allows the display circuitry 34 to display
essentially any information, and for the touch actuatable
regions of the LOI circuitry 32 to recerve a variety of different
inputs correlated to information displayed by the display
circuitry 34. In other embodiments, the LOI circuitry 32
includes a plurality of mechanically actuated buttons located
outside of the display are (e.g., on the periphery of the dis-
play), each button corresponding to various information pro-
vided by the display circuitry 34.

In that way, the display/LOI subassembly 30 provides for a
dynamic operator interface that can display a variety of infor-
mation and recerve a variety of inputs within a relatively small
area. Those of ordinary skill in the art will appreciate that any
suitable menu and display layout can be provided by the
display/LLOI subassembly 30 as desired for particular appli-
cations. In alternative embodiments, the LOI circuitry 32 and
the display circuitry 34 could be located adjacent to one
another or 1n other arrangements instead of being directly on
top of one another.

The control circuitry 36 controls operation of both the LOI
circuitry 32 and the display circuitry 34. The control circuitry
36 can include one or more processors ol conventional con-
figurations along with soitware executed by the one or more
processors. For example, the control circuitry 36 can control
the generation of displays on the display circuitry 34 and the
recognition and processing of operator actuation of the touch
circuitry 32. In particular, the control circuitry 36 1s capable
of modifying the orientation of the images displayed by the
display circuitry 34 and the functions of the buttons associ-
ated with LOI circuitry 32. In this way, the orientation of the
display and functionality of the LOI associated with the dis-
play can be dynamically modified for the benefit of the opera-
tor. Control circuitry 36 1s connected to receive input from the
operator via LOI circuitry 32, including requests to change
the orientation of the display. In response, control circuitry 36
provides orientation instructions to display circuitry 34.
Based on the recetved instructions, the orientation of the
display provided by display circuitry 34 1s modified. In one
embodiment, this includes rotating the display by ninety
degree increment. In addition, control circuitry 36 also modi-
fies the functionality of the touch-actuated buttons associated
with the LOI circuitry 32 based on the change 1n orientation of
the display. This may include moditying LOI circuitry 32
directly via software located on the LOI circuitry that dictates
the functionality associated with each touch-actuated button
or by modifying via software located on the control circuitry
36 how inputs provided by the LOI circuitry 32 are inter-
preted (1.e., the functionality associated with each touch-
actuated button). For example, the control circuitry 36 may
ignore mputs from a button associated with the LOI circuitry
32 in a first orientation, but may respond to mputs from the
same button associated with LOI circuitry 32 1n a second
orientation. In this way, modifications to the orientation of the
display are reflected in the functionality of the LOI interface
associated with the display.

The industrial process transmitter 24 can communicate
with the control room 26. Communication between the indus-
trial process transmitter 24 and the control room 26 can be
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through any suitable wireless or hard-wired connection.
Moreover, communication with the control room 26 can be
direct or through a network of any number of intermediate
devices (not shown). The control circuitry 36 can help man-
age and control communication to and from the industrial
process transmitter 24.

FIG. 1B 1s a block diagram illustrating an industrial pro-
cess management system 80 according to an embodiment of
the present invention that once again includes an industrial
process 22, an industrial process transmitter 82, and a control
room 26. Industrial process transmitter 82 includes trans-

ducer 28, display/L.OI subassembly 30, which includes LOI

circuitry 32 and display circuitry 34, and control circuitry 36.
With respect to the industrial process transmitter described
with respect to FIG. 1A, the embodiment shown 1n FIG. 1B
turther includes a position sensor 84 (or inclinometer) for
detecting the orientation or position of the industrial process
transmitter 82. Position sensor or inclinometer 84 may be
implemented by a varniety of sensor technologies, including
through the use of devices such as accelerometers or inertial
sensors. Position sensor 84 provides an output to control
circuitry 36 indicating or describing the current orientation of
the industrial process transmitter 82. In response to the
received orientation mformation, control circuitry 36 auto-
matically configures or updates the orientation of display
circuitry 34 and the functionality associated with the touch-
actuated buttons associated with LOI circuitry 32. In this way,
the embodiment shown 1n FIG. 1B provides for the automatic
re-orientation of the display and LOI functionality of the
industrial process transmitter 82.

FIG. 1C 1s a block diagram illustrating an industrial pro-
cess management system 90 according to another embodi-
ment of the present invention that includes an industrial pro-
cess 22, an industrial process transmitter 92, and a control
room 26. Industrial process transmitter 92 includes trans-
ducer 28, display/LOI subassembly 30, which includes dis-
play circuitry 34, and control circuitry 36. Unlike 1n the
embodiments shown in FIGS. 1A and 1B, in the embodiment
shown 1n FIG. 1C the industrial process transmitter 92 does
not include a local operator interface (LOI) that allows a
user/operator to interact directly with the industrial process
transmitter 92. However, 1t 1s still desirable to be able to
re-orient the display based on the orientation of the industrial
process transmuitter. In this example, a host interface 94, exter-
nal to mdustrial process transmitter 92, 1s connected to pro-
vide 1puts to control circuitry 36. In one embodiment, the
host 1nterface 94 1s a hand-held device that connects to the
communication line connected control circuitry 36 and con-
trol room 26. Based on commands received from host inter-
tace 94, control circuitry 36 acts to change the orientation of
display circuitry 34. A host interface such as host interface 94
may be employed i conjunction with industrial process
transmitters having a local operator interface, but are particu-
larly beneficial for allowing an operator to interact with those
transmitters that do not have a local operator interface. In the
embodiment described with respect to FIG. 1C, the host inter-
face 94 1s a hand-held device located separately from the
control room 26, but 1n other embodiments, the control room
26 may operate as the host interface, 1ssuing commands that
dictate the orientation of the display provided by display
circuitry 34.

The industnial process transmitters described with respect
to FIGS. 1A-1C may include additional components not spe-
cifically shown in these figures. Moreover, 1t will be appreci-
ated that the particular configuration of the industrial process
transmitter may vary as desired depending on the application.
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FIGS. 2A-2E are front views of the industrial process
transmitter 24 according to an embodiment of the present
invention that illustrates the display/LOI provided to an
operator during operation. In FIGS. 2A-2D, the orientation of
the display makes 1t difficult for an operator to interact with
the display/LOI. In FIG. 2E, the onientation of the display has
been modified, without modifying the mounting orientation
of industrial process transmitter 24, to improve operator inter-
action with the display/LOI.

In the embodiment shown in FIGS. 2A-2E, display cir-
cuitry 34 (shown in FIG. 1A) employs liguid-crystal display
(LCD) having a viewing area 40 visible through a transparent
cover piece (not shown). The display circuitry 34 provides a
menu display with scrollable categories that include ‘Config-
ure’, ‘Calibrate’, ‘Review’, ‘Language’, ‘Display’, and
‘Exit’. The display circuitry 34 also provides labels 1dentify-
ing the functions of the various LOI buttons provided by the
LOI circuitry 32 (shown in FIG. 1A). In this embodiment, the
LOI circuitry 32 provides four capacitive touch-actuated but-
tons labeled 44a, 445, 44¢ and 444, the locations of which are
shown by the dashed outlines at each corner of the viewing
arca 40. In this embodiment, the viewing area 40 of the
display 1s visible over the touch-actuated buttons 44a-44d,
and the display 1s used to convey the function performed by
cach button 44a-44d. For example, in FIG. 2A an arrow
pointing down (according to the display orientation) 1s pro-
vided over touch-actuated button 44a, indicating that this
button can be used to scroll down through the menu options.
An ‘L’ shaped arrow 1s displayed over touch-actuated button
44c, 1indicating that this button can be used to select a particu-
lar menu category.

The operator interacts with the display and LOI interface to
selectively modily the orientation of the display. In the
embodiment shown 1n FIGS. 2A-2E, the operator uses touch-
actuated button 444 to scroll down to the menu option labeled
‘Display” as shown in FIG. 2B. The operator uses touch-
actuated button 445 to select the menu option ‘Display’. As
shown 1n FIG. 2C, 1n response to the user selecting the ‘Dis-
play’ menu option, the display provides a screen with options
regarding the orientation of the display relative to the current
orientation (or mnitial orientation), labeled ‘0 Degree’, 90
Degree’, ‘180 Degree’, ‘270 Degree’, ‘Back to main’ and
‘Exit’. The operator once again uses the touch-actuated but-
ton 444 to scroll through the menu options. As shown i FIG.
2D, the user scrolls down to the orientation labeled ‘90
Degree’ and uses touch-actuated button 446 to select the
desired orientation.

In response to a user selection of an orientation, the
selected orientation 1s commumnicated from the LOI circuitry
32 to the control circuitry 36 (as shown in FIG. 1A). Based on
the selected ornentation, the control circuitry 36 communi-
cates instructions to the display circuitry 34 causing the dis-
play circuitry 34 to provide the desired orientation. As a
result, display circuitry 34 causes the display to be re-oriented
by the desired amount as shown in FIG. 2E. In the embodi-
ment shown i FIGS. 2A-2E, this includes re-orienting the
portion of the display 40 that describes the functionality of the
touch-actuated buttons 44a-44d. For example, in the embodi-
ment shown 1n FI1G. 2E, the portion of the display 40 with the
arrow pointing down 1s now located over touch-actuated but-
ton 44¢ and the ‘L’-shaped arrow 1s located over touch-actu-
ated button 444. In response, control circuitry 36 modifies the
functionality associated with each touch-actuated button 44a-
d44d. For example, the functionality associated with touch-
activated button 44¢ 1s now associated with the scroll feature
of the display. Likewise, the functionality associated with
touch-activated button 444 1s now associated with the select
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teature of the display, and touch-activated buttons 44a and
44b are not associated with any functionality. Changing the
functionality associated with each of the buttons may be done
by moditying the operation associated with control circuitry
36 (e.g., modilying via software on control circuitry 36 how
inputs recerved from the LOI circuitry 32 are interpreted) or
by modifying the operation of LOI circuitry 32.

FIGS. 3-5 illustrate an industrial process transmitter
according to one embodiment of the present mvention 1n
which the LOI circuitry 32 1s implemented with capacitive
touch-actuated sensors. FIG. 3 1s an exploded perspective
view of portions of one embodiment of the industrial process
transmitter 24 that employs touch activated LOI circuitry via
a capacitive touch sensor. As shown in FIG. 3, the industrial
process transmitter 24 includes a cover 42 (also shown in
FIGS. 2A-2E), housing 44, an electronics board 45, an elec-
tronics board shroud 46, a biasing member 47, a display
shroud 48, a carrier 50, a flex circuit 52, a display/LOI sub-
assembly 30, a label 56, and a cover 358.

The housing 44 can have a generally cylindrical shape. The
housing can be made of any suitable materials, such as metal-
lic or polymer materials. Known manufacturing processes
can be used to make the housing 44, such as casting, machin-
ing and molding processes, or any other suitable manufactur-
ing processes. The cover 42 includes a cover chassis 60 and a
transparent cover piece 62. The cover chassis 60 can be made
of a metallic material, a polymer material or other suitable
matenal, and has a generally cylindrical shape. The transpar-
ent cover piece 62 1s fixed to the cover chassis 60, and can be
made of glass that 1s approximately 10 mm or more thick.
Threads 64 A are formed on the cover chassis 60 for thread-
ably engaging the cover 58 to the housing 44 at corresponding
housing threads 64B. Suitable seals (e.g., o-rings, gaskets,
etc.) (not shown) can be provided for sealing the industrial
process transmitter 24 from an exterior environment when the
cover 58 1s engaged to the housing 44. In the 1illustrated
embodiment, the cover 58 and the housing, when engaged
together, provide a sealed, fire-proof, and explosion-proof
enclosure for the industrial process transmitter 24.

In general, the display/LOI subassembly 30 1s supported by
the carrier 50, which 1s 1n turn attached to the display shroud
48. The display/LOI subassembly 30 incorporates the LOI
circuitry 32 and the display circuitry 34, which can each be
provided on a suitable number of glass layers. The carrier 50
can be molded from a polymer material, and provides a sup-
port structure to simplily handling of the display/LOI subas-
sembly 30 during assembly of the industrial process trans-
mitter 24. The label 56 1s affixed over the display/LOI
subassembly 30 at a side arranged to face the transparent
cover piece 62, and can provide desired visual indications
(such as button locations, etc., if such visual indications are
not provided by the display). The biasing member 47 can be
a spring or collection of springs, such as a wave spring (e.g.,
having a load of approximately 89 newtons (20 1lb.) at a
working height of approximately 5.1 mm (0.2 inch)), and 1s
operatively engaged between the display shroud 48 and the
clectronics board shroud 46. The electronics board 45 con-
tains the control circuitry 36 (shown 1n FIG. 1A), which can
include a processor and any other desired electrical compo-
nents of known configurations, and as mechanically secured
to the electronics board shroud 46. The electronics board
shroud 46 1s secured with suitable fasteners 65 (e.g., bolts,
screws, etc.) to the housing 44.

The electronics board 43 1s electrically connected to the
display/LLOI subassembly 30 by the flex circuit 52, which
extends through the carrier 50, the display shroud 48 and the
clectronics board shroud 46. Although in the illustrated
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embodiment the tlex circuit 52 1s configured to have electrical
traces printed on a flexible dielectric substrate, it should be
understood that the flex circuit 52 can have any suitable
configuration 1n alternative embodiments, such as a group of
discrete wires, etc. At least a portion of the flex circuit 52 can
be arranged 1n a coil shape, thereby permitting rotation of the
display shroud 48 relative to the electronics board shroud 46
while maintaiming electrical connections. The flex circuit 52
can be electrically connected to the display/L.OI subassembly
30 with a hot bar anisotropic glue connection, and the flex
circuit 52 can further be electrically connected to the elec-
tronics board 45. In order to reduce stress on electric connec-
tions to the flex circuit 52, the flex circuit 52 can be mechani-
cally secured to display/LOI subassembly 30 components,
such as by being threaded through slots on the carrier 50 or
being glued to the carrier 50. The electronics board 45 1s
further electrically connected to additional circuitry (not
shown) located inside the housing 44.

FIG. 4 15 a plan view of a portion of an industrial process
transmitter 24, showing a cover 42 that includes a cover
chassis 60 and a transparent cover piece 62 and an embodi-
ment of the display/LOI subassembly 30. The cover 42 can
have a configuration similar to previously described embodi-
ments. FIG. 5 1s a cross-sectional view of the display/LOI
subassembly 30 and a portion of the transparent cover piece
62, taken along line 5-5 of FIG. 4. In the illustrated embodi-
ment, the LOI circuitry 32 employed by display/LLOI subas-
sembly 30 includes a plurality of cavities 68 formed 1n the
display shroud 48 and capacitive touch buttons 70 defined
within cavities 68 with the display shroud 48 having contact
structure 74. Display circuitry 34 (shown only schematically
in FI1G. 5 for simplicity) 1s mounted on and supported by the
display shroud 48, and defines a viewing area 66. In the
illustrated embodiment, the viewing area 66 i1s an octagonal
region at a central portion of the display circuitry 34 that 1s
capable of producing a digital display. In further embodi-
ments, the viewing area 66 can have nearly any configuration
as desired for particular applications. The display circuitry 34
can 1mcorporate one or more LCD screens, or other suitable
display. FElectrical connections to the display circuitry 34,
while not shown 1n FIGS. 4 and 5, can be made 1n any suitable
mannet.

The contact structure 74 1n the illustrated embodiment 1s
positioned at or near a periphery of the display circuitry 34,
and, more particularly, outwardly adjacent to a perimeter of
the viewing area 66 of the display circuitry 34. In the illus-
trated embodiment, the contact structure 74 1s a continuous
ridge with a generally annular shape and has a central opening
that allows the viewing area 66 of the display circuitry 34 to
be visible through the transparent cover piece 62. In other
embodiments the contact structure 74 can be discontinuous,
and have nearly any suitable configuration. The transparent
cover piece 62 defines an exterior surface 62FE and an opposite
interior surface 621. The contact structure 74 1s positioned to
physically contact the interior surface 621 of the transparent
cover piece 62. A biasing member can be used to urge the
contact structure 74 of the display shroud 48 against the
transparent cover piece 62. Alternatively, the contact struc-
ture 74 can be positioned 1n contact with the transparent cover
piece 62 by any other suitable means. The display shroud,
including the contact structure 74, can be made of a suitable
polymer material or a relatively low dielectric matenal.

One or more cavities 68 are formed in the display shroud
48. In the illustrated embodiment, four generally equally
spaced cavities 68 are formed along an interior side of the
contact structure 74. In alternative embodiments, the cavities
68 could be located at an exterior side of the contact structure
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74, could extend all the way between the interior and exterior
sides of the contact structure, could be unequally spaced, or
otherwise vary from the 1llustrated configuration. Positioned
at least partially within each of the cavities 68 1s the capacitive
touch button 70. The buttons 70 are thereby embedded in the
display shroud 48 to form touch-sensitive regions of the touch
circuitry 32, to allow for capacitive touch actuation by a user
or operator. In that respect, the buttons 70 would generally not
be visible through the transparent cover piece 62 but instead
would be hidden by material of the display shroud 48. The
buttons 70 can have any suitable shape desired for a particular
application. The buttons 70 can be layers of metallic material,
and can be fabricated in any suitable manner. For example, the
buttons 70 can be formed as stamped metal pieces that are
inserted into the cavities 68 or overmolded with material of
the display shroud 48 to simultaneously define cavities 68, or
can be made as metallic material sputtered onto the material
of the display shroud 48. Spacing between the buttons 70 and
the transparent cover piece 62 can be less than or equal to
approximately 0.0254 mm (0.001 inch) in some embodi-
ments.

A capacitive touch electrostatic field path 76 can be formed
between a user’s finger 72 at the exterior surface 62E of the
transparent cover piece 62 and any of the buttons 70. In the
illustrated embodiment, the field path 76 can extend substan-
tially linearly from a user’s appendage 72 through the trans-
parent cover piece 62 and through at least a portion of the
display shroud 48 (e.g., though a portion of the contact mem-
ber 74) to a selected one of the buttons 70. The field path 76
between the exterior surface 62E of the transparent cover
piece 62 and the selected button 70 generally passes only
through solid matenal, and, more particularly, does not have
to cross an air gap that would otherwise tend to decrease
capacitive touch sensitivity. Thus, 1n the 1llustrated embodi-
ment of FIGS. 4 and 5 and air gap can be eliminated entirely.
Moreover, because the buttons 70 can be positioned at the
periphery of the display circuitry 34, there 1s no need for the
touch circuitry to be transparent or to be located on a glass
supporting structure, which can help facilitate and simplity
manufacture.

An 1ndustrial process transmitter has been described that
provides a display and a local operator interface to facilitate
communication with an operator. To prevent the operator
from having to unscrew the cover associated with the imndus-
trial process transmitter to change the orientation of the dis-
play, the transmitter described herein allows the operator to
modily the orientation. The modification 1s performed in
soltware, thereby allowing the operator to change the orien-
tation without having to disassemble the transmitter. In addi-
tion, the industrial process transmitter allows the function of
the LOI to be modified based on the modifications made to the
orientation of the display.

While the invention has been described with reference to
the exemplary embodiments, it will be understood by those
skilled 1n the art that various changes can be made, and
equivalents can be substituted for elements thereof without
departing from the scope or spirit of the invention. In addition,
many modifications can be made to adapt a particular situa-
tion or material to the teachings of the invention without
departing from the essential scope thereof. Therefore, 1t 1s
intended that the mvention not be limited to the particular
embodiments disclosed, but that the invention include all
embodiments falling within the scope of the appended claims.

What is claimed 1s:
1. An industrial process transmitter comprising:
a housing configured to be mounted 1n a fixed orientation;
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a transducer positioned to interact with an industrial pro-
CESS;

a display device fixedly mounted within the housing, the
display device having four corner regions arranged
about a periphery of a viewing region of the display
device;

display circuitry that displays a visual output at the display
device, wherein the display circuitry provides the visual
output at one of a plurality of visual output orientations;

local operator interface (L OI) circuitry having a plurality
of buttons for recerving input, including input regarding
a desired orientation of the visual output, wherein each
of the plurality of buttons 1s disposed at a different one of
the four corner regions of the display device; and

control circuitry connected to communicate with the trans-
ducer, the LOI circuitry, and the display circuitry and
receive mput regarding the desired orientation of the
visual output, wherein in response to the received input
regarding the desired orientation of the visual output via
one or more of the plurality of buttons, the control cir-
cuitry provides instructions to the display circuitry to
modily the orientation of the visual output and modifies
functionality of the plurality of buttons based on the
orientation of the visual output.

2. Theindustrial process transmitter of claim 1, wherein the
control circuitry modifies the functionality of the plurality of
buttons by modifying how the control circuitry interprets
inputs recerved from each of the plurality of buttons.

3. The industrial process transmitter of claim 1, wherein the
control circuitry modifies the functionality of the plurality of
buttons by providing instructions to the LOI circuitry regard-
ing the functionality to be associated with each of the plurality
ol buttons.

4. The industrial process transmitter of claim 1, wherein the
plurality of buttons are touch-activated buttons.

5. Theindustrial process transmitter of claim 1, wherein the
plurality of buttons are mechanically-activated buttons.

6. The industrial process transmitter of claim 1, wherein the
display circuitry displays in the visual output a menu of
possible orientations from which to select.

7. The industrial process transmitter of claim 1, turther
including;:

a position sensor that detects the position of the industrial
process transmitter and communicates as an input to the
control circuitry the sensed position of the industrial
process transmitter.

8. Theindustrial process transmitter of claim 1, wherein the
control circuitry receives mput from a host interface located
external to the imndustrial process transmitter, the host inter-
face communicating instructions regarding the desired orien-
tation of the visual output.

9. The industrial process transmitter of claim 8, wherein the
host mterface 1s a hand-held device operated by a user.

10. A method of modifying the orientation of a visual
output provided by an industrial process transmitter at one of
a plurality of visual output orientations, the method compris-
ng:

recerving via local operator interface (LLOI) circuitry hav-
ing a plurality of buttons a request to modily the orien-
tation of the visual output of the industrial process trans-
mitter:;

commumnicating the request to display circuitry, which
modifies the orientation of the visual output based on the
received request, the visual output displayed at a display
device fixedly mounted within a housing that 1s mounted
in a fixed orientation, wherein the display device has
four corner regions arranged about a periphery of a
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viewing region of the display device, wherein each of the
plurality of buttons 1s disposed at a different one of the
four corner regions; and

moditying functionality of the plurality of buttons based on

the modified orientation of the visual output.

11. The method of claim 10, wherein the plurality of ori-
entations of the visual output are distinguishable by 90-de-
gree rotatable increments.

12. The method of claim 10, wherein the plurality of ori-
entations of the visual output are distinguishable by 45-de-
gree rotatable increments.

13. The method of claim 10, further including;:

displaying via the visual output a menu of possible orien-

tations from which to select.

14. An industrial process transmitter having a local opera-
tor intertace (LOI) that allows an operator to interact with the
industrial process transmitter, the industrial process transmiut-
ter comprising:

a housing configured to be mounted 1n a fixed orientation;

a display device fixedly mounted within the housing, the

display device having four comer regions arranged
about a periphery of a viewing region of the display
device:
display circuitry for providing a visual output at the display
device 1n one of a plurality of visual output orientations;

local operator interface (LOI) circuitry having a plurality
ol touch-actuated buttons having functions that corre-
spond with the visual output provided by the display
circuitry, each of the plurality of touch-actuated buttons
disposed at a different one of the four corner regions of
the display device; and

control circuitry for modifying the orientation of the visual

output and modifying the functions of the plurality of
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buttons to preserve an orientation of the touch-actuated
buttons with respect to the visual output.

15. The industrial process transmitter of claim 14, wherein
the display circuitry provides as part of the visual output a
menu of possible orientations from which to select.

16. The industrial process transmitter of claim 15, wherein
in response to mputs recerved from an operator via the plu-
rality of buttons the LOI circuitry selects the orientation of the
visual output provided by the display circuitry.

17. The industrial process transmitter of claim 14, wherein
the control circuitry modifies via software how inputs
received from the LOI circuitry are interpreted to preserve the
orientation of the buttons with respect to the visual output.

18. The industrial process transmitter of claim 14, wherein
the control circuitry provides 1nstructions to the LOI circuitry

with respect to the functions to be associated with each of the
plurality of buttons to preserve the orientation of the touch-

actuated buttons with respect to the visual output.

19. The industrial process transmitter of claim 14, further
including:

a position sensor that detects the position of the industrial

process transmitter and communicates the sensed posi-

tion to the control circuitry to provide automatic re-

orientation of the visual output and modification of the
LOI circuitry.

20. The industrial process transmitter of claim 14, wherein
the control circuitry 1s operably connected to a host interface
for selecting a desired orientation of the visual output.

21. The industnal process transmitter of claim 20, wherein
the host interface 1s a hand-held device.
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